Objective: To determine and describe the extent to which European dietary data collected in disparate surveys can be meaningfully compared. Design: Seven independent population-based surveys from six European countries were initially included. Differences in study designs and methodological approaches were examined. Risk factor data for 31,289 adults aged 40±59 y were harmonized and pooled in a common, centralized database. Results: Direct comparisons of dietary measures across studies were not deemed appropriate due to methodological heterogeneity. Nonetheless, comparisons of intra-population contrasts by gender across sites were considered valid. Women consumed fruit and vegetables more often than men. Age-standardized gender differences in the prevalence of low fruit and vegetable consumption ranged from 7 to 18% and 5 to 15%, respectively. Data on energy intake showed good agreement across study populations. The proportion of total energy from macronutrients was similar for women and men. Gender differences for relative intakes of saturated fatty acids (percentage energy) were small and only in France were they signi®cant. Dietary ®bre density was signi®cantly higher in women than in men. Overall, the participating Southern European populations from Italy and Spain exhibited more healthful food composition patterns. Conclusions: Contrasts in dietary patterns by gender across populations may provide the basis for health promotion campaigns. The most favourable patterns observed may serve as attainable goals for other populations. An international risk factor surveillance programme based upon locally run, good quality studies has the potential to provide the needed data. Sponsorship: European Community (DG V), project 96CVVF3-446-0; Swiss Federal Of®ce for Education and Science, OFES 96.0089.
Introduction
Traditionally, most public health surveillance systems have focused on monitoring mortality and morbidity rates. Of growing importance, however, is the monitoring of risk factors in various populations to gain ongoing information needed to design and implement intervention programs (Morabia, 1996) . At present, there is no common international surveillance system allowing comparison of lifestyle and biological risk factors for different populations across Europe. Several cohorts and cross-sectional surveys have collected and analysed risk factor data under a standardized core protocol, namely the Seven Countries Study (Keys, 1980) , the FINE Study, (Huijbregts et al, 1995) , MONICA (Tunstall-Pedoe for the WHO MONICA Project principal investigators, 1988), EPIC (Riboli, 1992) , Euronut-SENECA (Van't Hof et al, for the Euronut-SENECA investigators, 1991), EURAMIC (Kardinaal et al, 1993) , CARDIA (Friedman et al, 1988) , and the BRFSS (Centers for Disease Control and Prevention, 1996) . ERICA (The ERICA Research Group, 1988) was unique in centrally combining and analysing data that already existed from disparate European epidemiological studies. Many other locally run studies of good quality generate information on the distribution of risk factors in speci®c populations. However, they use different methodologies and their results need to be harmonized, that is, expressed in a homogeneous manner across surveys to allow for comparisons. The EURALIM (EURope ALIMentation) investigators sought to determine and describe the extent to which European data could be harmonized and pooled in a common database for the purpose of international risk factor surveillance (Morabia et al, for the EURALIM Study Group, 1998) . This paper focuses on the dietary measures and results obtained by the project.
Methods
Participating studies EURALIM comprised seven independent population-based surveys from six European countries, namely: SU.VI.MAX, representing France ; the Monitoring Project on Cardiovascular Disease Risk Factors, representing The Netherlands (Verschuren et al, 1993) ; Progetto ATENA, representing the city of Naples, Italy (Panico et al, 1992) ; Progetto MATISS, representing the province of Latina, Italy (Giampaoli et al, 1997) ; Bus Sante Â 2000, representing the Canton of Geneva, Switzerland (Morabia et al, 1997) ; the Belfast MONICA project, representing the greater Belfast area, Northern Ireland, UK (Evans et al, 1995) ; and the Catalonia Nutrition Survey, representing the province of Catalonia, Spain (Serra-Majem et al, 1996) . While each project uniformly assessed similar cardiovascular disease risk factors in their individual populations, the speci®c standardized assessment tools and analytic techniques used varied among sites.
Harmonization and data management A common`EURALIM coding manual' was developed that sought to harmonize Ð to the extent possible Ð data that derived from different methodologies. All research partners locally prepared a`EURALIM data set' from their original study data. The individual data sets were then pooled into a common`EURALIM database' at the data co-ordinating centre using SAS software (Statistical Analyses System SAS 6.12, SAS Institute Inc., Cary, NC, 1996) . This procedure is described in detail elsewhere (Beer-Borst et al, 2000) . The ®nal database was restricted to the age group 40±59 y, since this was the common age range among all participating studies.
Methodological sources of variability Differences in study design and methodological approaches were investigated in detail, eg sampling methods, population sizes and age distributions (Beer-Borst et al, 2000) . In particular, dietary assessment methods were found to vary substantially across sites. The Dutch study group considered their dietary assessment tool to be suf®ciently different from the others employed to disqualify their data from joint dietary comparative analyses. Hence, dietary data from The Netherlands are not presented here.
Salient aspects of the dietary assessment methods used by the participating studies are provided in Table 1 . Five of the remaining six groups assessed diet using food frequency questionnaires (FFQs). Only the two Italian studies utilized the same FFQ, however. Catalonia applied a 24 h dietary recall, while the French team collected on average six 1 day records over 1 y for each subject. As a closed, precoded food list was employed, it was possible to re-code the French data as a FFQ.
Information on the frequency of food consumption was thus collected for most sites. The type of ascertainment, the reference period, the number of food items listed, the response categories provided, the size of standard portions, the method of interview, and the seasons covered by the 
Harmonization of dietary data
Fruit were de®ned as any type of fresh fruit listed in the local questionnaires; dried fruits, canned fruits and fruit juice were excluded. Vegetables were de®ned as any type of vegetable listed in the local questionnaires; potatoes and legumes (pulses) were excluded. The number and type of fresh fruits and vegetables listed varied considerably from questionnaire to questionnaire (Table 1) . As response categories also varied, conversion procedures were used to obtain consistent information about the individual daily frequency of total fruit and vegetable consumption. De®nitions for low, medium and high consumption of fruits (low,`1.5 timesaday; medium, 1.5±2 timesaday; high, b 2 timesaday) and vegetables (low,`2.5 timesaday; medium, 2.5±3 timesaday; high, b 3 timesaday) are based on US dietary recommendations and guidelines. They consider only the frequency of consumption in times per day, without taking into account different serving sizes across sites. Accordingly, individuals who consumed fruits and vegetables at recommended frequencies (ie greater than 2 and greater than 3 timesaday, respectively) were de®ned as high consumers (Krebs-Smith et al, 1995; Wright et al, 1994) . Basic data on daily individual energy and nutrient intakes were derived from the local dietary assessments (Table 1) . They were based on the use of the speci®c local quanti®cation methods and of national food composition databases, but expressed in a common manner to allow for central analyses. For a crude assessment of the diets compositions, caloric densities were centrally calculated as the percentage of total energy intake derived from total carbohydrate, total fat, total protein and alcohol intake. The Figure 1 Age-standardized prevalence of low (`1.5 timesaday), medium (1.5±2 timesaday), and high ( b 2 timesaday) fruit consumption in men and women aged 40±59 y, by EURALIM population. w 2 ** P`0.01, * P`0.05 for gender differences.
Dietary patterns in six European populations S Beer-Borst et al percentage of energy derived from saturated fatty acids (not assessed in the Belfast MONICA projects) and the measure of dietary ®bre density were centrally calculated based on total energy intake, including energy from alcohol. Dietary ®bre consumption was compared to the ultimate goal for Europe of 30 g per day or more and the corresponding dietary ®bre density target of 3 gaMJ (equivalent to 12.5 ga1000 kcal) (WHO Study Group, 1990; James, 1988) .
Statistical analyses
Analyses were conducted using the S-Plus statistical package (S-Plus 3.3-1 for Sun SPARC, SunOS 5.3. MathSoft Inc., Seattle, WA, 1995) . Continuous results are presented as the central quartile of the distribution with the 25th, 50th (median) and 75th percentiles (P25, P50, P75) along with their associated 95% con®dence intervals (95% CI) (Morabia et al, 1997). Percentiles from two distributions were considered as statistically different if their 95% CIs did not overlap. Categorical results are presented as relative frequencies with their associated chi-square statistics (w 2 , P`0.05). Age distributions across 5 y age strata (40± 44, 45±49, 50±54 and 55±59 y) for men and women from Catalonia and France and women from Naples were not uniform and differed from those in the other included studies. As a consequence, data presented for the overall age group 40±59 y are standardized by age (Beer-Borst et al, 2000) .
Results

Participating studies
The ®nal EURALIM database comprised 18,381 women and 12,908 men aged 40±59 y recruited by seven European population-based research projects. The population sizes of the participating studies ranged from 11,215 adults in France to 704 adults in Catalonia. The Naples study solely recruited women. In Latina, only 19% of the 1254 participating women (n 202) and no men answered the dietary assessment. The sample sizes differed across measures due Figure 2 Age-standardized prevalence of low (`2.5 timesaday), medium (2.5±3 timesaday), and high ( b 3 timesaday) vegetable consumption in men and women aged 40±59 y, by EURALIM population. w 2 ** P`0.01, * P`0.05 for gender differences.
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to missing values and are provided as relevant in all tables and ®gures.
Fruit and vegetable consumption
The proportions of male and female participants from the six included populations with low, medium and high fruit and vegetable consumption are provided in Figures 1 and 2 , respectively. Overall, more men than women were low consumers of fruits and vegetables (P`0.01 for all gender contrasts except for fruits in Catalonia). The age-standardized gender differences in the prevalence of low fruit consumption ranged between 7% and 18%, and for vegetable consumption between 5% and 15%. The effects of educational level and smoking status on low fruit and vegetable consumption were also examined (data not shown). The prevalence of low fruit and vegetable consumption did not vary signi®cantly by educational level, except in France and Belfast. There, individuals with lower educational levels consumed fruit and vegetables less frequently per day than did those with higher educational levels. Smokers in all populations consumed fruit signi®-cantly less often per day than did non-smokers (4±20% agestandardized difference). Only in France did smokers consume vegetables signi®cantly less often than non-smokers (1±9% age-standardized difference). Figure 3 presents the distributions of total energy intake (including energy from alcohol) in MJaday for women and men, separately, age-standardized for six populations. As expected, energy intake was higher in men than in women in the four populations for which male and female data were collected.
Energy and nutrient intakes
The median caloric densities expressed as percentage energy (%E) from carbohydrate, fat, protein and alcohol for six populations are provided in Table 2 . Little difference was found by gender (w 2 (d.f. 3), P 1.0). With the exceptions of the two Italian female populations that had similar median caloric densities, at least half of the examined European populations consumed diets with higher fat and lower carbohydrate portions than the recommended proportions, ie 50±60 %E from carbohydrates and 30%E from fats.
The distributions of the percent energy derived from saturated fatty acids (SFA) are provided in Figure 4 . In Geneva and Catalonia the distributions were identical for men and women, in France they differed between genders. The large majority of the considered populations had intakes of SFA substantially higher than 8.5%E, a de®ned critical cut-off point (Frand-Spohrer, 1996) . Overall, Italian women, especially from Latina, had the most favourable values (38% of them had 8.5%E from SFA).
The age-standardized distributions of dietary ®bre density in gaMJ are presented in Figure 5 . Women consistently displayed signi®cantly higher dietary ®bre densities than men. The distributions were not symmetrical, however, as more dispersion was found between P50 and P75 than between P25 and P50 (sign test w 2 (1) 4, P`0.05). With the exceptions of women from Naples and Latina, the median dietary ®bre densities were below the goal of 3gaMJ (12.5 ga1000 kcal) (WHO Study Group, 1990; James, 1988) . Gender differences in the prevalence of desirable crude dietary ®bre intakes ( 30 gaday) were small and statistically signi®cant only for France and Geneva (Table 3) ; more men than women ful®lled the de®ned standard. On the other hand, gender differences in the prevalence of desirable dietary ®bre densities Figure 3 Age-standardized daily total energy intakes (MJaday) by gender for six participating EURALIM populations, presented as 25th (P25), 50th (P50), and 75th (P75) percentiles with their associated 95% con®dence intervals.
Dietary patterns in six European populations S Beer-Borst et al ( 3 gaMJ or 12.5 ga1000 kcal) were more substantial and signi®cant for all considered populations. More women than men ful®lled the recommendation, as was expected due to known higher consumption of foods of high nutritive quality such as fruits and vegetables.
Discussion
Methods EURALIM used a data harmonization approach to compare the distributions of cardiovascular disease risk factors that were assessed in disparate ways among seven European research centres. After de®ning new uniform variables, limited comparative analyses on diet and nutrition were possible.
The novel approach used by EURALIM was to contrast risk factor distributions and percentages by gender within single populations ®rst. The same approach could also be applied to other health determinants such as age group, socio-economic status, smoking status, etc. The rationale is that for each individual study, the inherent biases tend to be similar among the groups compared and therefore tend to cancel each other out (Beer-Borst et al, 2000) . Then, the direction of these contrasts by sex, age group, etc. within single populations can be meaningfully compared across sites.
Presented population estimates were less precise for smaller study samples, as re¯ected in the larger width of the associated 95% con®dence intervals on the percentiles. Even though dietary data were only available for about 50% of the French sample, there was still dietary data for over 2000 women and 3000 men from France due to the large sample size of that initiative. In Latina, however, a rural region with low educational levels, dietary data were Figure 4 Age-standardized relative intakes of saturated fatty acids (percentage energy) by gender for ®ve EURALIM populations, presented as 25th (P25), 50th (P50), and 75th (P75) percentiles with their associated 95 con®dence intervals. 
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only assessed in a small sub-sample of 202 women who were deemed able to provide valid qualitative and quantitative information on food intake.
Dietary assessment
Despite the common goal of obtaining valid information on dietary components linked to cardiovascular disease and cancer, different methods were used to assess diet across study sites (Table 1) . Each method has advantages, limitations and appropriateness for use with a speci®c local target population and research design (Nelson & Bingham, 1997; Thompson & Byers, 1994) . Notwithstanding methodological heterogeneity, information from the available FFQs and the French repeated 1 day record was employed to rank and classify individuals according to their usual consumption of food groups (Thompson & Byers, 1994) , and the quantitative dietary assessment tools used (semi-quantitative FFQs 24 h recall, 1 day records) served to study energy and nutrient intakes. Group, 1990; James, 1988) ; crude dietary ®bre intake 30 gaday; dietary ®bre density 3 gaMJ (12.5 ga1000 kcal).
Fruit and vegetable consumption
b NaA not available. Figure 5 Age-standardized dietary ®bre densities (gaMJ) by gender for six EURALIM populations, presented as 25th (P25), 50th (P50), and 75th (P75) percentiles with their associated 95% con®dence intervals.
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Gillman et al, 1995) . We exclusively investigated the frequency of consumption of fruits and vegetables without considering differences in local portion sizes. Although the frequency of consumption of fruits or vegetables might be higher in one population compared to another, it does not necessarily follow that the quantity of consumption (grams per day) is also greater. The choice of cut-off points used for high, medium and low frequency of consumption were in¯uenced by the fact that the current US recommendations and guidelines are considered high for most individuals in Europe and the US Osler et al, 1997; Heimendinger, 1997) . Overall, a North±South European gradient was evident in the results, that might still be real. High consumption of fruits, in particular, was more prevalent in the Italian and Spanish study populations, where the availability of fresh fruits and vegetables is generally greater and more yearround. However, in Catalonia a seasonal in¯uence may be possible, since the FFQ was only employed in the months of May and June. In Naples, most of the participants were volunteers and potentially more health conscious than participants in other samples. On the other hand, they belong to a population with a long tradition of high consumption of fruits and vegetables. In Latina, the majority of the adult population is involved in agriculture and consumes all year round home-grown fruits and vegetables.
The numbers of fruits and vegetables listed in the different questionnaires are critical in the interpretation of the presented data. The projects in Naples and Latina worked with the longest, detailed list of fresh fruits. One future suggestion is to include global questions such as the overall intake of fruits and vegetables in FFQs to adjust the intake of speci®c food items as needed (Stripp et al, 1998) . Finally, dried and canned fruits and fruit juice were excluded from the de®nition of fruit used here, which may have underestimated intakes.
Despite the identi®ed methodological differences, the use of uniform variables allowed for between-population contrasts of within-population comparisons by gender, education and smoking status. Women consumed fruits and vegetables more often per day than did men across the ®ve included European populations, consistent with ®ndings in 16 US states using a short fruit and vegetable questionnaire (Serdula et al, 1995) . With the exception of France, no signi®cant difference in fruit and vegetable intake by educational level was found in the participating EURALIM populations, in contrast to other reports (Roos et al, 1996; Serdula et al, 1995) . As educational level appears to have the strongest in¯uence on the perception of a healthy diet (Margetts et al, 1997) , and persons with more education have been found to have less atherogenic food habits, including daily fruit and vegetable consumption, than persons with less education (Jacobsen & Thelle, 1988) , we had expected different ®ndings. Dif®culty in de®ning a uniform variable for education across European countries may have contributed to this largely null effect (Beer-Borst et al, 2000) . Finally, the observation reported here that non-smokers consume fruits and vegetables more often per day than smokers is consistent with previous reports (Marangon et al, 1998; Bottoni et al, 1997; Zondervan et al, 1996; Serdula et al, 1996) .
Men, in particular, need to be targeted for additional fruit and vegetable consumption. As women in these same populations seem to consume fruits and vegetables more frequently, this is seen as a realistic and achievable goal.
Energy and nutrient intakes
Despite the methodological heterogeneity in measuring the quanti®ed dietary intake across sites (different assessment tools, methods of portion size estimation, and food composition tables), data on total daily energy intake showed relatively good concordance in terms of intra-national gender differences. The low participation rate in dietary assessment in Latina was attributed to the low educational level that hampered individuals in coping with the task of providing valid information on food intake, and was not related to high energy intakes. The population from Latina was expected to have higher energy intakes, being mainly involved in physical agricultural work. Different methods for determining macronutrient intake independent of total energy intake have been described (Willett et al, 1997) . For our purposes, the caloric density method provided a simple way of estimating whether, in general, a health promoting or a heart disease promoting eating pattern was followed. For the dietary composition the choice of food items is much more in¯uential than the number of items listed. The proportion of energy (%E) from macronutrients was almost identical for women and men. In Naples and Latina, two geographically close study regions that used exactly the same dietary assessment tool, women showed an eating pattern that met the general guidelines of 50±60 %E from carbohydrate and 30 %E from fat. These two populations essentially follow a Mediterranean-like diet that is particularly rich in starchy staple foods (grains). Legumes, fruits, and vegetables (Trichopoulou & Lagiou, 1997; Fidanza, 1991) .
The relation of total fat intake and fatty acid patterns to cardiovascular disease development has been extensively studied (Truswell & Choudhury, 1998; Hegsted & Kritchevsky, 1997; Howell et al, 1997; Hegsted et al, 1993) . Current guidelines for the prevention of cardiovascular disease focus speci®cally on saturated fat.
Our common`EURALIM' database contained only ®ve data sets with fatty acid measures. Geneva, France, Naples and Latina study sites used closed food lists that were comparable in the kind and number of speci®c SFA sources queried about, whereas Catalonia used an open-ended, unrestricted questionnaire. Quanti®cation of conscious fat use and consumption is dif®cult, and the employment of different quanti®cation techniques may account for the variation in the results. Different food composition tables may contain for certain foods different or missing fatty acid values. The two female Italian populations had the lowest SFA intakes (%E), re¯ecting their Mediterranean diet composition that is more plant food based. Most women and men from the other three considered populations showed SFA intakes higher than recommended, that is b 8.5 %E. Gender differences were small and only in France were they statistically signi®cant. Thus, there is an enormous need for future public health actions to focus on improving the fatty acid composition of most diets.
Dietary ®bre has been shown to be protective against cardiovascular disease Labarthe, 1996) . Results presented as nutrient density give an indication of the diet's quality, and support the fact that all considered populations had diets lacking in complex carbohydrates. The principal food sources for dietary ®bre are cereals, fruits and vegetables, which were consumed more often by women than by men, especially by women from Naples and Latina who followed a Mediterranean diet. Accordingly, women were found to have signi®cantly 
Summary and conclusions
Direct comparison of dietary data from the seven participating studies was not indicated after careful consideration of the differences in study design and data collection processes. A common coding manual was essential in harmonizing the data collected in the disparate surveys, but only within-population comparisons by gender, age group and other health determinants were considered valid. As standardized methodologies for health and dietary assessments are likely to be expensive and time-consuming, in the short-term existing locally run, high quality studies may be used for international comparisons. To become more feasible, additional harmonizing procedures need to be implemented. Improved at tuning of technical procedures, such as anthropometric measurements, may be achievable. For improved comparative dietary analyses, a validation study needs to be included. To reduce the variability in such an analyses, a European food composition table, a common concept of portion size estimation as well as common European dietary recommendations and guidelines would prove valuable. More standardized approaches to the measurement of physical activity and socio-economic characteristics such as educational level are also needed. The presented data revealed important contrasts in risk factor prevalence and distributions across populations that are of public health relevance. The EURALIM study group published an informational brochure in seven languages entitled Nutrition & The Heart, Healthy Living in Europe that presents gender contrasts for certain of the dietary risk factors discussed here (The EURALIM Study Group, 1998) . This brochure was disseminated to 1500 public health professionals in each participating country who in turn distributed it to 10,000 members of their respective populations. The main message of the information campaign was re¯ect on how you live and how others live, and make changes and choices for a healthier life in Europe'. Innovative public health interventions and nutritional campaigns are needed throughout Europe. Surveillance data such as these may prove useful not only in identifying realistic dietary goals, but also in monitoring programme successes.
